The physiological properties of samples at different stages during conditioning of shrivelled soybean seedlots were analyzed and correlated with physical properties. Conditioning improved seed viability and vigor. Operation capacities needed to be reduced to obtain optimal separation of shrivelled seeds with minimal loss of good seeds. Correlations of shrivelled seeds with germination, cold, stress, oil and yield tests presented a negative trend.
INTRODUCTION

I
n a previous article (Risse et al., 1990) , variations in physical properties of shriveled soybean seeds collected at different stages of conditioning were presented. In this article, changes in physiological properties of soybean seeds during conditioning are analyzed and then correlated with physical properties.
LITERATURE REVIEW
Gregg (1969) graded 19 seedlots of cotton on a gravity separator. The gravity separator sorted cotton seeds in fractions differing in volume, weight, and bulk density. Laboratory tests indicating viability and vigor, such as germination, cold test and accelerated aging test, showed significant positive correlations with bulk density. In addition, mechanical damage was found to be high in seedlots with low bulk density. Field studies showed that seedling height and the dry weight of radicle, hypocotyl, and cotyledon leaves seven days after planting, increased with increases in bulk density. Hoy and Gamble (1987) reported the effects of kernel density and size on the field performance of soybean seeds. Large and low density seeds had the smallest emergence percentage and the slowest germination speed. Density effects were greater when seeds were subjected to greater field stresses of low temperature and of wet or compacted soils. High density seeds produced larger yields than low density seeds did at later planting dates. Low density has 
MATERIAL AND METHODS
Five soybean seedlots of different varieties ranging from 5 to 38% shriveled soybeans were included in the study. Each seedlot was passed through a sequence of an airscreen cleaner, a spiral separator, and a gravity table. Samples were collected at different stages in conditioning. The sample collection points were as follows: initial screenings that passed through the first sifting screen of the air-screen cleaner (CSl), screenings that passed through the second sifting screen of the air-screen cleaner (CS2), bottom air lifting of the air-screen cleaner (CL), good seeds after the air-screen cleaner (AC), discards fi-om the spiral separator (SD), and three fractions of the gravity table: gravity discard (GD), gravity middle (GM), and final. More details on equipment and sampling are presented in Risse et al. (1990) .
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The samples were evaluated for standard germination, cold germination, stress test, protein and oil content, and yield. Table 1 shows the initial physiological quality characteristics for each seedlot.
Standard germination evaluations were made according to the Rules for Testing Seeds (AOSA, 1986). Cold tests were conducted according to the "tray" procedure described in the Seed Vigor Testing Handbook (AOSA, 1983). The stress test was conducted by placing the seed in open petri dishes in a chamber at 42° C for 30 h and supplying humidity by a water pan in the chamber. Samples of approximately 150 g were ground and then measured for protein and oil content in a near infrared reflectance analyzer (NIR). The values for protein and oil were corrected to 13% moisture (wet basis) by a computer program and were reported.
The standard germination, cold, and stress tests were performed for the pure seed portion only (AOSA, 1986). Therefore, these values were multiplied by the corresponding purity percentages. Impurities were determined by weighing the portion of the sample passing through a 3.97 x 19.05 mm (10/64 x 3/4 in.) slot hand screen. Any particle passing through the hand-screen and consisting of more than half a soybean, was returned to the pure seed portion. The purity percentages at different steps in conditioning for each seedlot are presented in Table 2 .
The yield experiments were conducted at the Iowa State University Curtiss Farm. A randomized complete block experimental design with four replications was used. Seeds were planted on two dates (5 and 15 May 1989) in rows 5.03 m long and 1.52 m apart, at a rate of one seed for each 5 cm spacing. After maturity, when seeds dried in the field to about 14% moisture content, plants were cut, tied in bundles, and stored in a ventilated shed. After moisture content equalized among plants to approximately 8%, a plot thresher was used to thresh seeds for yield evaluation. Results were averaged in tons/ha and reported as yield 1 and yield 2, for first and second date of planting, respectively.
RESULTS AND DISCUSSION
Viability (germination) was improved due to conditioning for all seedlots except lot 5 (Tables 3-7) . Germination decreased in seedlot 5 after conditioning, which may be explained by the low moisture of the seedlot (Table 1) at the time of conditioning. As shown in Tables 3  and 4 , seedlots 1 and 2 had significant increases in vigor also as measured by both cold and stress test. The discards from the air-screen cleaner were distinctly low in germination and vigor (See CSl and CL in Tables 3-7) . The discards from the spiral separator and from the gravity table were also lower in quality than the final sample. 3-7) . The yields of the final samples were not significantly different from those of initial samples (Tables 3-7) .
Correlation coefficients among physiological properties are presented in Percentages of protein and yield were inversely associated in this study (Table 8) Associations between physical and physiological properties are listed in Table 9 . Correlations of shriveled seeds with warm germination, cold, stress, oil content, and yield tests presented a negative trend. Green et al. (1965) also found shriveled soybean seeds related to low germination and field emergence percentages. Dombos (1988) reported an inverse linear relations between environmental stress intensity and seed viability and seed vigor.
Bulk density was positively related to viability and vigor (Table 9 ). In addition, associations of bulk density and seed yield were highly positive. Gregg (1969) reported high positive correlations between bulk density and certain physiological properties, which is in agreement with our results.
Seed weight and seed volume were positively associated with warm germination, vigor, and yield (Table 9) Terminal velocity was found a satisfactory indicator of seed viability, seed vigor, and yield (Table 9) The laboratory and field evaluations of the initial samples (Table 1 ) demonstrate a natural significant heterogeneity among seedlots; nevertheless, separation based on physical properties produced improvements in physiological performance. Therefore, a number of recommendations are derived from the information presented in Part I and Part n to assist the seed conditioner in optimizing the operation of seed conditioning equipment:
1. In this research, the gravity separator was run with a shallow seed depth on the deck. Although this procedure reduced the capacity of the machine, it was necessary to assure maximum removal of shriveled soybeans with a minimal loss of good seeds.
2. The screens of the air-screen cleaner often became plugged during cleaning. Several actions can be taken to alleviate the frustration of stopping the machine several times during operation which include: a) increase the pitch location where the slope is not adequate, and the conditioner must pay special attention to the flow of product in gravity spouts and spiral separators.
CONCLUSIONS
The sequence of an air-screen cleaner, a spiral separator, and a gravity table was able to produce significant improvements in physical and physiological seed qualities. After the air-screen cleaner, seeds were heavier and bigger and had improved physiological properties (seed viability and vigor). The spiral separator improved the purity and appearance.
Conditioning machines were more effective for seedlots with lower initial quality. Operation capacities needed to be reduced to obtain optimal separation of shriveled seeds with minimal loss of good seeds.
Correlations of shriveled seeds with warm germination, cold, stress, oil content, and yield tests presented a negative trend. Bulk density was positively related with viability (warm germination) and vigor (cold and stress tests). Seed weight and volume were found to be positively associated with warm germination, vigor, and yield.
